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°1 «<HH ^ %£-g-, ^>€^b|^KRM) € ^ ^il-^AlE eflo]E (Explicit Rate : ER) 
°1-B-^H TCP -S5--T- 3.71 (congestion window size)* ^^}B.^, #7] 

ER SHI ^€ «£r ^H*l ^B^l £]«f) ^l-SlT^M- SEfl7j€ ^lr°l #<H« 

^2}-^ zfl^ 7)^ JlaZ|-# ^l^^Vrq-. 

£ 2 
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^] 

{Method for Transmission Control Protocol window size control in Asynchronous 
Transfer Mode} 

S. 1 -S- ^-g-i)^ ABR ^y]^ ^ TCP *\ ^ ^}^}7] fltr 7fl^-?l 

£ 2 ^ TCP<*H^ -as-f a>o]^ *\)o] uhq-iflfe- 

11 : ATM 12 : ATM 

121 : ATM 4^1 ^r^r^l^l ATM 3]^ 

122 : ATM ^ ^^l^l TCP >fl# 
13 : ATM ^ 

131 : ATM ^ ^iH^l^l ATM Tfl^ 

132 : ATM ^! ^r^^l^ TCP 
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<io> wl-g-7l^^S.^( Asynchronous Transfer Mode : °1*V ATM^s} ^t!:^) 

n <HH ^^^l^H =S.£€-(Transmission Control Protocol : °m TCP^ 

^ ig-igcfl 4MI«M1^- 7>-§-wl e sllc>lM( Available Bit Rate : ^1«> 

ABR<^1^ XJulitfaiH A}-g-5^^ 41^ ^ ^il*?! ^^r^ ^(Resource 

Management : RM) -I xflS] ^i#e)Al e sflo] e (Explicit Rate : ^1*} ER°le}- ^JtW) & 
■g- °l-g-Sr°} TCP ^ €£4- 3.7] (congestion window size)-!- &%^S.3,tf, ATM 
<HH ABR ^h]^ -$MM^ TCP^ IHM^l 71 ^ TCP -fi^-f A>ol^ *)]<^ ^ 

< 1 1 > <§ 0.5. ABR ^ «1 ^ ATM n <Hl *1 3] °1 -g-g-g: *| f>}7] ^ *H 7fl £ o. 

^, TCP^ A>-g-i]- c]He^<HH 7}^r ^3 SSHilS 3]^ S.S.S#olrf. 

<12> TCP^ 7l«V jL#x)H^r Jiifl£.fe- ^-g-# 41JE. 

(Acknowledgement : ACK)# °l-8-*H sfl^ °l^tb iHl^r 

4J*||3. Sfl^^l ^SflO> t£o} A>Efl# ^1^- ^ ^Dj, nfl^ sfl^i ^ 

1:^-2-^ /fl^^g- is}7}5. 
<13> olnfls) ^ <^]# -ff^rTfl TCP ^^(timeoutH sj)^ ^ 

^£^7># £ ^ «>, o]i=. TCP^l 2)2=«JM cj^l ^ TCP^ll ^ ^]^7] nfl^-o] 
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A. 

<14> ^7fl TCP^ -QS-f 7lo> JL#^H^ ^ ^HM HfliL^ ^^-S-^-CACK) ^lSL» 

3.7} ^ #0} ^ ^-Bfl-. ^^>7fl ^1 ^-*}7l nfl^-Ofl i^}- ^-g- 

7 r ^tt 371-1- ^<^7fl S)^ ^ ZLOfl tcf^- ^H^^o] olcH^Jl, BECfA] #3E-f 3.71 

<15> SEtl- ABR TCP^l^i^ ^ #%ofl ttj-e)- xl<a^ ^^-7> 3.71 nfl^-ofl ^ 

& Hi- <yo>^- (Retransmission Time Out : <>}*} RTOe}- ?l*l7fl sH ^} sfl 

^ RTO W 7lcf^o> ^l^>7ll £)js.5. #31 9]t±& ^ 

7\^A. 'TCP- 31 :t (TCP-Reno m , TCP-«fl7KTCP-Vegas) , °fl*l Hh^M 
*\$= RTO 71^51 711 3^ ^-f7> ^o] ^a\^t\. fs\*] *V t*^ 3.71 

51 ^sq- c^sl TCP 3^#(throughput)2l ^\ ^--g-lsrHr &*\}7\ $XA. 

<16> 71^51 ABR >H«1^ TCP^H TCP7> a}-§- 7 r ^ tfl^-s.^ a1;£H| aj-e}- -ft-^*} 

olt}-. n^e^ 7l#sl TCP°1H A >-8- 7>^-tb ^^^-^ISl rfflj-s. ^-^-(exponential increase 
fast-recovery)^ ZZ.nfl ^£1^1 ^7 r (linear increase)* ^tb €■ 21*1* 

7>*1*1 &&tt. 

<17> ^-B: ^"7H1 7]#t!: ^ S-^l^-S- «flm*>7l fl«fl, ATM *<HH ABR ^til 

i^l rm € <§iL» <>l-g-^ TCP -SS.-?- 5L7l# S^^-fe- ^lt>*>^ 3i-§- ^-*}^- 

3. 
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<18> #7) TCP ^ €£4- 3.7] ^ofl t£o} #Efl.g. M-E^^r ^ 

<19> # 7 1<4 ^ ^*>7l ATM ^i^HH 

ATM ^^lS. t\]°]B\ ^^Al A>o]^§ t^o} ol^-^>5) ( #7] !£<q .£ 

# ^HMCRM)^ vfl^l e^^eM e ^o] e (Explicit Rate) 5L^H 

<20> SEtb, ^istj- ^hfr ^-^^r ^-5}7] Jfl^b ■& ATM ^ #13:#*HH 

^^(RM)-t^- 

<21> #7l ^Al^j- ^^;Sl^>(RM)€ ^ ^^#S]A]E ( Ex pli c i t Rate ) 

ATM i)]^) ^o]£^£f ^lfAS ^fsfe 

<22> #7] e)]olM 3M: ^Aj^ ^a>^- ^ -Si-?-* IS. ^*}^ 

<23> #7] ATM =^A] #^#*1^-B] ^-§-#AlJr 7 > ^Al^Tg ^ «£-ff 7fl#*Rr 3}- 

<24> #71 ^o] JtJKJ-SHS 3.7] ol 3.7]°\] ^H^* 

ATM ^ ^^lS. ^wl^ f^jos 
<25> Aj-^^. s.^ > ^ t^iS) #^ltb ^-SM iLcf 
£-^*fl ^ ^o]c|.. o^} £ AjAH!- #Afl*| ^tg^ cj^g. 
3| 

<26> ^aJHfe ATM ^]#^ RM 0 l-§-*H TCP 371-1- £3§«fe ig- 
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*$°-S. ERSLB. ABR (Explicit rate mode ABR) ^3*1 <gJLZ\^"^ aMMH, ABR°fl ^ a> 
-g-^ RM vfl^l ER €3= ^ icJELl-o} ^-g- 7}^ ^ 7pJ- ^ 

^^}JL sll-^^-cll, °] ER TCP Tilf^l TCP^Htt sfl^s} 

<27> ER ^ ATM 7HJ-£| 3. (Virtual Circuit : VO^l ^*%s§ (fairness)^ 

^•^( stability)^: iL#S}5.5. zj- TCP e^] ^.^^4. 

<28> -g. s]^ TCP A r °lS ^c>| ^cf. 

<29> - ^Al ^ ^^1^ ATM ^ 

<30> rm iS<>l ^Ais]^, RM ifl£) ER?3t-i- TCP5. ^tbt}. 

<3i> - ^Al ^ ^^1^ TCP i&f§ 

<32> nfl ^"^-g-^- ^l^(ACK) TCP #31 S ^ 

<33> awnd = MIN [credit, cwnd] (1) 

<34> d] 7 ]*\ -awnd'^ (allowed window) °1 jl, 'credit'^ TCP 4^ ^ 

-i- <#o)ji t 'cwnd'^- ^ (congestion window)!- £1*1 3rth 

<35> o]ufl -cwnd'-sl ER ^ 'cwnd' ^ ifl^oi] ^gfl o]^- TCP -Q 

<36> ol nfl^^- TCP ^ 2)*}^ ^7]» ^^^-S.^- «1 ^^-g: tg-o^ ^ 

^ a] 71^1 g-g- ^ o>u|e}, TCP "S^^Tfl *fl^ 7Br*V tfl^^ Jl# 

<37> TCP -SiE-f 3.7} 'cwnd' ^ ^ olW] 2}i=fl 4-3 TCP 31 
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<38> 48 31 TCPMSS 


TCP = laSt_ER * 53 * 32 * TCPMSS + SGbytes (2) 

<39> <^7H 'TCP_MSS'^- TCP 31^2] s}tfl szf a.7l (maximum segment size)°H, 

ABR*IM ^ ^\%- 7Y*% cfl^^^l ^"71 'last.ER' 3H1 ATM -fl, RM TCP, ^ 

^ SSlf (Internet Protocol : IP), ATM ^-§-7fl#5(ATM Adaptation Layer 5 : 
AAL5), Qtf ^tS-H °} 1577(Internet Engineering Task Force Request For Comments 
1577 : RFC 1577)2} SLVi\ *j]i=( overhead )#* ^ ^ z\}7]*}& TCP 

<40> cwnd = TCP * estimated_RTT * safety_factor (3) 

<4i> <^ 7 H 'estimated RTT'^b 3fl^°l ^^3] ^e]^ ^&( estimated 

Round Trip Time)<>H, 'safety factor*^ ^ #$-4 RTT^l ±L#*}7] A > 

<42> ^.^Jl^l <?>^i^l4 1 (safety_factor(s<l))» ^}°} a}-§-s1-;e.3.*| # 

^■^tb €^ ^SHr RTT^ i-^H TCP 311^ S^tf. 

*H?K^£r 7l^ TCP^ i?Wft zicfls- ©l-g-^. 

<43> £ i ^- 3 ABR ^ TCP ^ul^cq ^£1, TCP Tllf^l 

o} ^esq ATM Tflf^H^ *1H 5*1 ffcL 9X^. ATM 

^^1(12)^ ATM 3lfKl21)£- ^ -f-Sfl Sll-^-S-^ RM <3^r3£.-S. ^s>7fl 
€4. RM €^ ER ^ ncfls ATM ^^l (12)^1 TCP 7ll#(122) $.^£\JL, 
°1» €^^8- ATM ^^1(12)^ TCP 3]#(122)^r ER ^ 
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#3E.-f 3L7l(cwnd)s}-TCP *H -f-S^ 'credit*^: °l-§-*}<^ *J 

(Dif ^o] ^i-f £L7] (awnd)» ^P-tb^. 

<44> <q 7 ]X\ v) 'll'^r ATM ATM ^ ^^1(13)^ ATM 

^l^(131)<>lul, , 132 , fe ATM ^ ^^^1(13)^ TCP 7fl#(132Ht}. 
<45> £ 2 ^ ^- 4^ tcp<M^1 -as.-?- *}<>1^ *1H M-^tt 

ATM^l ^^1(12)^ ATM ^^(121)4 TCP 31^(122) ^ ^Ji ^ 

^JE-f 37l(awnd)» ^*Rr M-^\£4. 
<46> ^ f ATM ^ ^IH^I (12)31 ATM Tllf^m)^ ATM Tll^H^ ABR ^ = 

*1H ^S^l rm ^SMl ol ^ 'lastJER'it^-S. * , TCP 31^(122).° 

<47> ^-71 •lasCER' =^l^r ATM ^iH^l (12)^1 TCP 31^(1 22)£r € 

^7l(awnd)« 31^}7] w>, ^a] ^^1(12)^ TCP 31^(122)^: 2:713?- 

'cwnd'-i- IS. <£%?btHS2). -S^-f ^7l(awnd)^ nfl ^-^-§-^- 

^IJKACK)!- ^4l*Kr ^£M(S3), -8-71 (2)^ (3)^: ^*fl 'cwnd' #-gr t 1 

<48> ^ (1)2}- ^-o] a.7l(awnd)# =l ^l^^l^i ^ 7>^ <£ 

-g- ^4±^SL3- ^tWS5). 
<49> 37]» ^ ^, 7l^o^ TCP <£J!B^1 ntfls ^-g-^^k °H 

«H-9- =L7l(awnd)*r *13H1*1 i^ol^ ^£4-^ -f^ 7>^>e1» ^xfl^, ^ 
'awnd' ^ «>*m.2.3. tiM^ o} (^ o]nl ACK# ^1 * 
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n°]B\ <*) ^>ol7l- ^tq-. ol &o] ^(positive valued # *1* 0 1 

<50> £ 3 °- i£t$6\} ^ #7] ^-§-tb ^-t- TCP ^t!: 

^ ^^HcK TCP^ ^ s^l^S. #^#(throughput)(Mbps)*}- *fl*l^ «1# (%)^g- 
tt^. ^-71 (Throughput)^: 0 <f# M-^r^ ~t l ^j1, *1 

<5i> ^l^H^^r ABR ^al^ ^l^i 5^ s}-«a^^S.£€-(File Transfer 

Protocol : FTP) *>-§-*}<2}- n^SJ ^r-^.S(on-off) (Constant Bit Rate : 

CBR) A>-§-^>7> 150Mbps^ ^3.1- ^-^>J1 Stl^ 1f 1 tflSfl «<L^, ^ 
^°Kli, 1 2 . 13)^ e7lBl^-Ai^(LAN) ^ ftfl^ D j-(WAN) 7>^^>7l z}"*}- 

lKm, lOOKm, 1 Km ^ 0.1 Km, lKm, O.lKm^ ^^ofl cfls].^ ^^4. 

<53> ^a. -g-*£ = 150 Mbps 

<54> h^s) = i ( 000 <t (cells) (on-off CBR ^>-g-^-§-), 2,500 >i (cells) (FTP ^>-g- 

*r*) 

<55> ^r-iL= CBR E}<y (on time) = 84ms, 5.5 Ej-^J (off time) = 84 ms 

<56> TCP ^{^^11^^.3.7] (Maximum Segment Size : MSS) = 9,140 bytes 

<57> TCP ty°}™} (timer granularity) = 50 ms 

<58> TCP a}tfl Q^-t- 3.7} = 20 ^1 (segments) = 182,800 bytes 

<59> A>-g-*> 3.7} = 1,000,000 € (cells) 
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<60> ABR NrmCi^H. RM^t^ *}°}$] ^ ^ : Number of cells between Forward RM 
cells) = 32 

<6i> ^cfl^#(Peak Cell Rate : PCR) = 150 Mbps 

<62> ^^i^^: (Minimum Cell Rate : MCR) = 0.1 Mbps 

<63> ^7]-i#(Initial Cell Rate : ICR) = 5 Mbps 

<64> 3HS^7l-tfl^:(Rate Increase Factor : RIF) = 1 

<65> gflo] E3g.^H]^.(R ate Decrease Factor : RDF) = 1 

<66> e e ^3E) ejiii^ (Transient Buffer Exposure : TBE) = 512 cells 

<67> ^n^^ (Background) ^.Hfl^^r JL^Q tfl^-S.^ TCP 1 ?]- °l-g-*Rr ^ 

-M- 3£r ^-?-» 41 *M 1^^ 100Mbps £-£.5. CBR AHJ-*r^r 10^3 10Mbps 
7>^tbcf. 5^3] 10Mbps *HM-fe- M.t\. # Tgo] ^ *fl<£ 

<68> zj-zj-^ ^>^^l^(safety_factor)(s)» ^^1^7>t^ a}^-^o1^^- 

^ ^*H= ^ S^f ^Cf. 

<69> 5. l. #tfl^*3- Ai-i-^M-a 
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<70> 


<71> 


<72> 


mill - , , - > /*t _ 



^ ls=0.2 ls=0.3 ls=0.4 ls=0.5 ls=0.6 ls=0.7 

/^v-]\ /r\_ 

0Mbps 


92.6 1126.0 1126.0 1128.8 1128.8 1129.2 1121.8 


14.4 1 2.1 1 2.1 1 0.8 1 0.5 1 0.5 1 3.7 

100Mbps* 
1 


67.4 I 82.3 1 82.7 I 83.3 1 81.6 1 78.7 1 75.5 


9.7 1 4.5 1 1.0 1 2.2 1 3.4 1 6.2 1 7.3 

10Mbps*l 
0 


65.6 1 85.5 1 86.0 1 83.9 1 82.0 1 77.5 1 74.1 

7fl#^ 

10.9 1 1.7 1 1.0 1 2.2 1 3.4 1 6.2 1 8.4 

10Mbps*5 


75.6 |105.9 |107.0 |107.6 |105.8 |100.5 | 94.4 

w l"§: 

15.0 | 1.8 1.3 | 0.8 | 1.7 | 4.4 | 7.4 



5.2 ^Tlel^^ 1 ^ Al-g-eflol^ ^ 

# ls=0.2ls=0.3ls=0.4ls=0.5ls=0.6ls=0.7|s=0.8 

0Mbps 


94.2 191.4 198.2 1104. 11114. 31122. 41121. 8 1115.9 


14.0 114.2 112.8 111.2 1 7.1 1 3.7 1 3.8 1 6.3 

100Mbps* 
1 


67.4 167.3 170.0 172.6 175.1 176.6 174.9 173.2 


10.3 1 1 1.1 111.2 110.4 1 8.9 1 7.5 1 8.0 1 8.9 

1 0Mbps* 1 
0 


65.8 165.8 170.5 174.9 179.4 178.6 175.6 173.5 

7fl#^ «1# 

10.6 112.2 1 11.0 1 8.3 1 5.3 1 5.7 1 7.7 1 9.1 

10Mbps*5 


76.6 |78.3 |82.2 | 89.2 | 98.3 |101.4| 96.8 | 92.8 


14.8 |13.5 |12.9 10.3 1 5.8 I 4.0 | 6.3 | 8.4 


<73> <fl S.€: mi^B. S^Sj *0«&^ wj-^ 7>^# 

^ 91^ 1- ^ 91^. 7]^ TCP2] 3.7]$= #2] #$-6fl ^-S7d^«y ^7>» 

^.olrf 7 > ZLofl o]-5^r ^ 3712] ^7># ^*>i SIM-, 

<74> TC p2} ^^i7fl^7l- 0.5 °11 5-7121 -f-Al^- ^ M^^j- ^ 

*#^1 ^7-1*}- ^ #21 7>3£"§- !- ^ fll}. ^21- ^ 
21 ^ 7HH1S. 212] 7]. o^1t£, 7fl #olH-S^ #€Jltb ^ 7.}^ 21 

<75> ^ f o>^^^7V 0.5 ^ «fl ^i^^: zl- ^-2] #%ofl rtj-e)- ^ 28.3%<HMi 10.27%^V 
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^7># H_<£JL 7fl^#5. ^» J±£3-. 

<76> ^ofl ABR ^al^ ^ TCP ^1^-1- ^o>^ TCP 371 

<H <£jie)«^§- TCP 4*41 TCP -f^*>7fl ^-<y*>£i=h 

<77> ^-JlS. -g- ^°fl cfltt 7l#ifl-g-^r •tb^^s^H] 1998\i 11€ 14<U*>S ^3.5] 

' RMH ^J±# ©1 TCP over ATM^I ^^7fl^ • o]q.. 

<78> ol^-oflA^ ^^^J- ^o] ^ofl cq^fl ER ^ofl ^ 

#^1 71^ jL5)-# ^^^4. 
<79> Hff^^^lcjlf^. c^o} 7lW^ £ol^ f 

3 ^ ^ ^^<H1 ^SRr $£.3. iL^©) f^°14. 
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[^t 1 * 1] 

ATM ^^HH *r*l^ ATM #^5h*l.S. ^^a] a>o]^* 

^ ^11 °1 #7] ^ ^S-S.^ *>€ ^e]*KRM)i3 xfl^ oj^s.^ 
^ ell Explicit Rate) &-§: SL^-SH 7)1^]-^ 3# ^-^5. ^ w^l^S-JE. 
(ATM) D cHH =3-E.§(TCP) a}o]s ^ wjog. 

13 2] 

*fl 1*8-4) &°H. 

#(TCP) #3E-f ^>ol^ afloj « 0 >^. 
[3^*8-31 

(ATM) n <H*l *l^*]H^^S-€-(TCP) ^£t4°12 *1H HHi. 
a>o]^ = 2^$: [credit, cwnd] 
( #71 credits ^t^l^SSSf ^ oi^ <£, 

cwnd^ ^ 3., ^d^^l^^SSf * estimated_RTT * tJr^^l^ 

(safety .factor), 

estimated_RTT sfl^^l 3H^>^t-fl 
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#3131^ ^ RTT^l ^.^>7l *>-§-£|^r 

48 31 TCPA4SS 


^^#-8" laSt_ER * 53" * 32 * TCPMSS + SGbytes f 

last_ER^r ^ 4^1^ RM € ^ ER it, 

tcp_mss^ =.s.s.-s- 3.7} <y ) 

ATM ^ ^rlH^HH 3HM*KRM)€* T^l^Rr ^^l-; 
#7} *\% ^:^^>(RM)€ iflS) ^^#^a]s S (Explicit Rate) 

ATM ^ tfl^ ^^olSSSf ^lfAS 

elHH(ER) IS -M^Hr ^ 

#7l ATM ^ ^^lS^ ^-^-g-^S7> ^Osm ^ ^5-4- » 3]-£*Rr 
(ATM) *<HH 3bMH^3.S.#(TCP) 4°1^ *)H 

(ATM) D <HH #4^MS5.S#(TCP) -SH-f *IH 


19-16 


1019990017310 1999/10/27 
= ^d^^l^S^t ^i^-i: * estimated_RTT * ##3]^ 

(safety_f actor) 

( ^7) estimated_RTT^- %^Kr31 &*)^ 

H&^Tr ^ RTT^l ^*l-7l *r-§-=lfe ^r*l "9 ) 

I^t 1 ^ 6] 

48 31 TCPMSS 

= last_ER * 53 * 32 * tcpmss + sefey^ 
( ^"71 last.ER^r ^fl RM € ^ ER 

TCP_MSS^ ^H^SSf Tflf^ 2}tfl a.7l ) 

7] 

(ATM) n <Hl*| ^^^1<HH5.£#(TCP) Aj-oj^ *qo] 

€^4- ^>°1^ = 2} credit, cwnd] 

( #71 credit^ ^1#<>1 ^ ^ $X$r <#, 

cwnd^ U ) 
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